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INTRODUCTION 
The p a r t i c u l a r  method used f o r  t h e  hydro lys is  of p r o t e i n s  
p r i o r  t o  an amino acid a n a l y s i s  is  of cons iderable  importance 
s ince  some amino ac ids  are p r e f e r e n t i a l l y  destroyed and the  
hydro lys is  of  o t h e r s  i s  incomplete,  I n  view of t h e  high 
p rec i s ion  a t t a i n e d  i n  t h e  gas- l iqu id  chromatographic a n a l y s i s  
of amino a c i d  mixtures ,  t h e  na tu re  of t h e  hydro ly t i c  condi t ions  
p lays  an inc reas ing ly  important  role and can be e a s i l y  
eva lua ted .  The speedI  p r e c i s i o n ,  and accuracy of t h e  gas- 
l i q u i d  chromatographic methods developed by Gehrke e t  -- a l .
(1, 2 ,  3, $ I  5,  6 ,  7)  make p o s s i b l e  a thorough i n v e s t i g a t i o n  
of t h e  var ious  parameters  involved i n  t h e  q u a n t i t a t i v e  
hydro lys is  of d i f f e r e n t  p r o t e i n s  and t h e i r  compositional 
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A hydro lys i s  reagent  of broad s p e c i f i c i t y  is  requi red  
t o  break all of t h e  p o s s i b l e  pep t ide  bonds which are found 
i n  n a t u r a l  products  of varying complexity.  The p a r t i c u l a r  
reagent  used must be capable of c leaving  a l l  pep t ide  bonds 
i n  a p r o t e i n ,  Fur ther ,  t h e  pep t ide  bonds must be access ib l e  
t o  t h e  h y d r o l y t i c  agent ,  however, two f e a t u r e s  of p r o t e i n  
s t r u c t u r e  p r e s e n t  d i f f i c u l t i e s  i n  t h i s  r e s p e c t ,  F i r s t ,  
there i s  s te r ic  hindrance due t o  t h e  bulky s i d e  chains  of 
the a l i p h a t i c  amino ac ids ,  and second, t h e  macromolecular 
s t r u c t u r e ,  i , e .  t h a t  due t o  secondary and t e r t i a r y  bonding 
of the  p r o t e i n ,  p revent  complete hydro lys is  a The degree 
t o  which a p r o t e i n  molecule can unfold i s  l i m i t e d  by i t s  
secondary and t e r t i a r y  s t r u c t u r e ,  t h e r e f o r e ,  t h e  hydro lys is  
reagent  may react r a p i d l y  on one p a r t  of a p r o t e i n  molecule 
and s lowly  on another .  This i s  evidenced by t h e  number of 
d i f f e r e n t  hydro lys i s  methods t h a t  are repor ted .  
Differences i n  t he  s t a b i l i t y  of  t h e  var ious  funct ion-  
a l  groups of amino ac ids  n e c e s s i t a t e  a compromise among 
s e v e r a l  experimental  condi t ions  i n  o rde r  t o  achieve t h e  
optimum hydro lys i s  of the p r o t e i n ,  Moore and S t e i n  ( 8 )  
repor ted  t h a t  t h e  b e s t  " a l l  around" hydro lys i s  can be 
achieved by r e a c t i o n  f o r  2 4  hours with 6 M H C 1  a t  llO°C 
under condi t ions  r igo rous ly  excluding oxygen, non p r o t e i n  
substances,  and metals .  Oxygen can be excluded by using 
a sea l ed  tube hydro lys i s  technique. General ly ,  a c i d  
hydro lys is  w i l l  y i e l d  over 95% recovery f o r  a s p a r t i c  and 
glutamic acids, p r o l i n e ,  g lyc ine ,  a l an ine ,  methioniner 
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l euc ine ,  t y r o s i n e ,  phenylalanine,  l y s i n e ,  h i s t i d i n e ,  and 
a r g i n i n e ,  However, tryptophan is  completely destroyed,  whereas 
5 t o  15% of threonine and s e r i n e  are destroyed.  Ext rapola t ion  
t o  I' zero-t ime" of hydro lys i s  can be done , b u t  r e q u i r e s  s e v e r a l  
d i f f e r e n t  t i m e s  of hydro lys i s  f o r  each sample. GLC makes s t u d i e s  
of "zero-time" hydro lys i s  p r a c t i c a l ,  The pept ide  bonds of 
v a l i n e ,  i so l euc ine ,  and leuc ine  are q u i t e  s t a b l e  and thus  a 
longer hydro lys i s  t i m e  i s  requi red  t o  ob ta in  maximum y i e l d  f o r  
these amino ac ids .  Whi t f ie ld  ( 9 )  has s t u d i e d  t h i s  problem and 
explained it i n  terms of s ter ic  f a c t o r s .  Extending t h e  hydro lys is  
t i m e  t o  70 hours g i v e s  maximum y i e l d s  (8 )  f o r  t h e s e  t h r e e  amino 
a c i d s ,  This ,  of courseI,  r e s u l t s  i n  lower y i e l d s  f o r  t h e  o t h e r  
amino ac ids  as compared t o  a 24-hour hydro lys is  t i m e .  As y e t ,  
no s a t i s f a c t o r y  method has been found f o r  tryptophan, except  
al-kaline,  or enzymatic hydro lys is  (8) . 
The purpose of t h i s  research  w a s  t o  s tudy t h e  rates and 
y i e l d s  of p r o t e i n  hydro lys i s  and t o  determine t h e  optimum 
reac t ion  condi t ions  which would g ive  maximum y i e l d s  of a l l  
20  of t h e  p r o t e i n  amino ac ids  i n  t h e  s h o r t e s t  poss ib l e  t i m e ,  
using r ibonuclease a s  a r e p r e s e n t a t i v e  p r o t e i n ,  
LITERATURE REVIEW 
Braconnotp i n  1820, ( 1 0 )  f i r s t  used s u l f u r i c  a c i d  f o r  
t h e  hydro lys is  of a p r o t e i n .  The use of hydrochlor ic  a c i d  
as a hydro ly t i c  agent w a s  introduced by Bopp (11) i n  1 8 4 9 .  
The h y d r o l y t i c  agent  commonly used today is  hydrochlor ic  
ac id  s i n c e  the  r a t e  of pept ide  bond cleavage i s  increased  
i n  hydrochlor ic  a c i d  over  what it would be i n  s u l f u r i c  a c i d  
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of equal  concent ra t ion .  An added advantage of HC1 i s  t h a t  it 
can e a s i l y  be removed f r o m  an amino acid mixture by evaporat ion.  
P ro te in  samples are usua l ly  hydrolyzed w i t h  2.5 t o  5000 t i m e s  
t h e i r  weight of 6 N HC1 under r e f l u x  for  18 t o  24 hours.  
The method of Macpherson (12) i s  gene ra l ly  recommended 
f o r  l a r g e  p r o t e i n  samples (ca. 0.2 g o r  l a r g e r ) .  A p r o t e i n  
sample which hasbeen e q u i l i b r a t e d  under atmospheric condi- 
t i o n s  i s  weighed i n t o  a s u i t a b l e  round-bottomed f lask which 
i s  f i t t e d  w i t h  a condenser. Concentrated Ana ly t i ca l  Reagent 
HC1 (36 w/w%) i s  added (ca, 20 ml/g p r o t e i n )  I t h e  p r o t e i n  
i s  d isso lved  on a w a t e r  bath a t  35 t o  40°C, then s u f f i c i e n t  
h o t  double d i s t i l l e d  water i s  added t o  b r ing  t h e  concent ra t ion  
of HC1 t o  20 w/w%. The s o l u t i o n  i s  b o i l e d  gen t ly  under r e f l u x  
f o r  24 hours.  The excess  of HC1 is  removed under a p a r t i a l  
vacuum and the  sample i s  d i l u t e d  t o  a s u i t a b l e  volume w i t h  
0 . 1  N HC1. An a l i q u o t  of t h i s  s o l u t i o n  i s  then removed for  
c l a s s i c a l  amino acid a n a l y s i s  o r  GLC amino a c i d  a n a l y s i s .  
The method of Moore and S t e i n  is i n  common use.  A 
sample of air-dried o r  lyoph i l i zed  p r o t e i n  i s  placed i n  a 
1 6  x 135 mm heavy-walled Pyrex tube (Corning N o .  9860) e 
The p r o t e i n  is  suspended i n  1 ml of 6 N HCI ( a  l:l v/v 
d i l u t i o n  of concent ra ted  reagent  HC1 with double d i s t i l l e d  
H20). T h e  sample is f rozen by p l ac ing  i n  a ba th  of e thano l  
and solid carbon dioxide.  Af t e r  f r eez ing ,  the  sample con ta ine r  
i s  evacuated t o  below 50 microns then s e a l e d  under vacuum. 
The hydro lys i s  i s  conducted a t  110' +, 1 'C for 20 hours or 
70 hours,  
t he  sample i s  d i l u t e d  t o  a known volume, and a l i q u o t s  are 
Excess HC1 is removed under vacuum a t  40 t o  45*C, 
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removed f o r  a n a l y s i s .  This  technique or s o m e  modif icat ion of 
it is  p r e s e n t l y  t h e  p r e f e r r e d  method fo r  t h e  hydro lys is  of 
p r o t e i n  samples e 
A s e r i o u s  problem as soc ia t ed  with t h e  a c i d i c  hydro lys i s  
of p r o t e i n s  i s  t h e  p a r t i a l  decomposition of  some of t h e  amino 
a c i d s .  The d e s t r u c t i o n  of tryptophan i s  almost complete and 
a cons iderable  loss of c y s t e i n e  may occur.  The breakdown of 
the  o t h e r  amino a c i d s  gene ra l ly  occurs  t o  a lesser degree.  
R e e s  (13) r epor t ed  i n  1 9 4 6  t h a t  hydro lys i s  with 6 N H C l  
f o r  2 4  hours l eads  t o  a recovery of only 89.5% of s e r i n e  and 
9 4 , 7 %  f o r  th reonine ,  Cor f i e ld  and Robson ( 1 4 )  r epor t ed  a 
1 4 %  loss of s e r i n e  i n  t h e  hydro lys i s  of salmine. R e e s  (13)  
and H i r s  7- e t  a l .  (15) found t h e  ra te  of decomposition of 
s e r i n e  and threonine  t o  vary wi th  t h e  p u r i t y  of  t h e  H C 1  used 
i n  t h e  a c i d i c  hydro lys i s .  Howeverp an accura t e  determinat ion 
of t h e  threonine  and s e r i n e  conten t  can be made by e x t r a -  
p o l a t i o n  t o  "zero- t ime"  of hydro lys i s  i f  d a t a  a r e  a v a i l a b l e  
f o r  s e v e r a l  d i f f e r e n t  hydro lys is  t i m e s .  Examples of t h i s  
technique w e r e  included i n  pub l i ca t ions  by Har fen i s t  (16 )  
i n  1953, by Smith and S t o c k e l l  ( 1 7 )  i n  1954, by H i r s  e t  a l .  
(15) i n  1954, and by Noltmann e t  a l .  (18) i n  1962.  
--
-_. 
There i s  a p o s s i b i l i t y  t h a t  p r o l i n e  is  degraded during 
a c i d  hydro lys is .  E l l i o t  7- e t  a l e  ( 1 9 )  and Zuber and Jagues ( 2 0 )  
both suggested an empi r i ca l  formula of Axg2Phe2Pro2GlyeSer 
f o r  t h e  pept ide ,  bradykinin,  from r e s u l t s  based on amino a c i d  
analyses  a f t e r  a c i d i c  hydro lys i s ,  Boissonmas e t  a l .  (211, 
however synthes ized  bradykinin and found t h a t  t h e  a c t u a l  
--
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s t r u c t u r e  corresponded t o  t h e  formula Arg2PheeProaGly.Ser. 
The var iance  between t h e  formula determined from amino a c i d  
a n a l y s i s  and the  a c t u a l  formula may be due t o  t h e  decomposition 
of p r o l i n e  during t h e  a c i d  hydro lys is  p r i o r  t o  a n a l y s i s .  
Lugg (22)  observed t h a t  pure t y r o s i n e  was n o t  a f f e c t e d  
by hea t ing  it i n  a c i d  a t  100°C f o r  20 t o  30 hours.  
and Smith (23 ) ,  however, r epor t ed  t h a t  t y r o s i n e  was completely 
destroyed during t h e  a c i d  hydro lys is  of t h e  pept ide ,  
Ala.Va1-Gly-Tyr. Shepherd -- e t  a l . ( 2 4 )  also obtained l o w  
r ecove r i e s  of t y r o s i n e  from s e v e r a l  pep t ides .  This de- 
s t r u c t i o n  was reduced b u t  n o t  e l imina ted  when t h e  samples 
w e r e  hydrolyzed under a N2 atmosphere. The decomposition 
of t y r o s i n e  may involve a s p a r t i c  a c i d  s i n c e  t y r o s i n e  w a s  
q u a n t i t a t i v e l y  recovered from t h e  pep t ide  ValeTyr-Pro b u t  
n o t  from Val-TyraPro-Asp. Munier (25)  r epor t ed  t h a t  t y r o s i n e  
may be converted t o  3-chlorotyrosine during hydro lys is  by 
r e a c t i n g  with traces of ch lo r ine  i n  t h e  HC1. This r e a c t i o n  
could not ,  however, account e n t i r e l y  for  t h e  l o s s e s  observed 
by H i r s  e t  a l .  (15)- 
Light  
_.- 
A l a r g e  concent ra t ion  of carbohydrates i n  t h e  hydro lys i s  
m e d i u m  may s e r i o u s l y  reduce c e r t a i n  amino ac ids .  T r i s t r a n  ( 2 6 )  
noted t h a t  a r g i n i n e  w a s  ex t ens ive ly  destroyed during a c i d i c  
hydro lys is  i n  t h e  presence of carbohydrates with t h e  amount of 
d e s t r u c t i o n  being p ropor t iona l  t o  t h e  concent ra t ion  of carbo- 
hydrates,  and Bai ley  (27 )  r epor t ed  losses of methionine as high 
a s  20% i n  samples which were high i n  carbohydrate conten t .  
Osono -- e t  a l . ( 2 8 )  found t h a t  r e f l u x i n g  methionine with 10% HC1 
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resul ted i n  t h e  production of some homocystine, homocysteine, 
and glycine., Lugg ( 2 9 )  observed only a s l i g h t  loss of c y s t i n e  
during a c i d i c  hydro lys i s  i n  t h e  absence of carbohydrate,  however, 
l o s s e s  of 6 t o  7% w e r e  noted i n  t h e  presence of carbohydrates.  
Lysine i s  considered t o  be t h e  m o s t  stable of t h e  diamino 
acids, b u t  I s h i i  ( 3 0 )  repor ted  a loss  of 3% when l y s i n e  w a s  
heated a t  r e f l u x  wi th  20% H C 1 ,  The r epor t ed  degradation 
products w e r e  a s p a r t i c  ac id ,  g lyc ine ,  glutamic acid, and 
a-amino a d i p i c  a c i d .  
S te r ic  hindrance by bulky side chain r e s idues  r e s u l t s  
i n  t h e  s l o w  r e l e a s e  of some amino ac ids ,  p a r t i c u l a r l y  v a l i n e  
and i so l euc ine .  K i n e t i c  s t u d i e s ,  by Synge ( 3 1 )  i n  1945, and 
by Har r i s  e t  _.- a l .  (32) i n  1956, c l e a r l y  i n d i c a t e d  hindrance 
by v a l i n e ,  l euc ine ,  a l an ine ,  and i s o l e u c i n e  and the  y i e l d s  f o r  
these  amino ac ids  which have been hydrolyzed f o r  varying 
lengths  of t i m e  w e r e  found t o  be a func t ion  of t i m e .  An 
accura te  value f o r  each of t h e s e  amino ac ids  can be determined 
by p l o t t i n g  y i e l d  a s  a func t ion  of hydro lys is  t i m e  and 
e x t r a p o l a t i n g  t o  i n f i n i t e  t i m e ,  o r  by drawing tangents  t o  
the maximums i n  t h e  curve,  then e x t r a p o l a t i n g  t o  "zero-time" . 
The r a t e s  of decomposition of t h e  amino ac ids  during 
a c i d i c  hydro lys i s  are dependent on s e v e r a l  factors including:  
t he  concent ra t ion  of t h e  hydrolyzing ac id ,  t h e  p u r i t y  of 
t h e  a c i d  used, t h e  t i m e  and temperature of hydro lys is ,  t he  
presence of carbohydratesp aldehydes or  metal  impur i t i e s .  
Current methods r e p r e s e n t  a compromise among t h e  s e v e r a l  
cons idera t ions  mentioned above e The most common methods 
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for  t h e  hydro lys i s  of p r o t e i n s  a r e  ou t l ined  i n  t w o  e x c e l l e n t  
review a r t i c l e s  by Light  and Smith ( 3 3 )  and by Moore and 
S t e i n  ( 8 )  e 
Because of the  considerable  t i m e  requi red  f o r  t h e  
hydro lys is  of p r o t e i n s  by t h e  r epor t ed  methods and the  losses 
involved, it was considered h ighly  important t o  i n v e s t i g a t e  
o t h e r  procedures.  From s t u d i e s  d i r e c t e d  toward t h i s  g o a l ,  
t h i s  research r e p o r t s  on a r a p i d  hydro lys i s  method which 
can be completed i n  4 hours .  
EXPE RIMENTaL 
Apparatus 
A Varian Aerograph Model 2100 gas chromatograph with a 
four-column oven ba th ,  f o u r  flame i o n i z a t i o n  d e t e c t o r s ,  two 
dual  d i f f e r e n t i a l  e l ec t rome te r s ,  and equipped with a Varian 
Model 2 0  recorder ,  and a Packard Instruments Co.  Model 7300 
dua l  column gas chromatograph wi th  hydrogen flame detectors 
and equipped with a Honeywell E lec t ronik  1 6  s t r i p  c h a r t  recorder  
w e r e  used. Peak a reas  were determined with a d i g i t a l  readout  
i n t e g r a t o r ,  I n f o t r o n i c s  Model CRS 104. 
Solvents  were removed from t h e  samples with a CaLab 
r o t a r y  evaporator  "cold f i n g e r "  condenser,  and a Welch 
Duo-Seal vacuum pump. 
Pyrex 2 .5  x 20 c m  screw t o p  c u l t u r e  tubes with t e f l o n  
l i n e d  caps (Corning N o .  9826) w e r e  used as t h e  r eac t ion  
v e s s e l s  for  t h e  hydro lys i s .  
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Reagents 
A l l  r eagen t s  used w e r e  those  s p e c i f i e d  by Gehrke e t  -
a l .  ( 2 ) .  -
The 6 N HC1 s o l u t i o n  i n  water  was prepared by dis- 
t i l l i n g  a 6 N s o l u t i o n  i n  an a l l - g l a s s  system and then 
a d j u s t i n g  t h e  concent ra t ion  of t h e  cons tan t  b o i l i n g  HC1 
t o  6 N by t h e  a d d i t i o n  of d o u b l e - d i s t i l l e d  w a t e r .  
The 6 N H C 1  s o l u t i o n  i n  n-butanol - was prepared by 
bubbling anhydrous H C 1  i n t o  anhydrous n-butanol.  - 
Ribonuclease A from bovine pancreas ,  c r y s t a l l i z e d  
5X, Type I-A, pro tease  f r e e ,  e s s e n t i a l l y  s a l t  free, 
a c t i v i t y  of 70 Kunitz u n i t s  p e r  mg, was obtained from Sigma 
Chemical Co., S t .  Louis,  Missouri .  
Chromatography 
The columns and chromatographic condi t ions  w e r e  those  
as s p e c i f i e d  by Gehrke e t  a l .  ( 2 )  e --
HYDROLYSIS METHODS 
A ,  Hydrolysis of samples i n  6 N H C 1  i n  H 2 0  f o r  GLC a n a l y s i s .  - -e------ 
1. Accurately weigh 1 0 . 0  mg of dry p r o t e i n  ( r ibonuclease)  
i n t o  t h e  pyrex screw top  with t e f l o n  l i n e d  cap c u l t u r e  
tube 
2 .  Flush tube with f i l t e r e d  N, gas .  
3 .  Add 1 0 . 0  m l  of 6 N HC1 i n  H20 t o  each tube.  
4 .  Flush each tube again wi th  NZ gas.  
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B .  
5.  Place t e f l o n  l i n e d  cap on each tube and h e a t  a t  1 1 0 '  
2 l 0 C ,  o r  145' k 2'C i n  an o i l  ba th  f o r  t he  s p e c i f i e d  
t i m e .  
6, Dry t h e  samples a t  6OoC under a p a r t i a l  vacuum w i t h  a 
r o t a r y  evaporator  
7. Add an appropr i a t e  a l i q u o t  ( 1 . 0  ml of I.S., 0.50 mg 
b u t y l  s t e a r a t e / l .  0 m l )  . 
8. Add 1 .5  ml of n-butanol03 N i n  H C 1  pe r  1 . 0  m g  of - 
t o t a l  amino a c i d s ,  u l t r a s o n i c  mix f o r  15 seconds, 
e s t e r i f y  a t  1 0 0 ° C  f o r  35 minutes, then dry a t  6 O o C  
under p a r t i a l  vacuum, and a c y l a t e  as descr ibed  
by Gehrke e t  a P .  (2). 
_._. 
Hydrolysis of Samples i n  6 N H C 1  i n  H 2 0  f o r  Analysis  by -- - - - - - _ _ . -  
Both GLC and C l a s s i c a l  Ion-Exchange. ---
1. Accurately weigh 25 .0  mg of dry p r o t e i n  ( r ibonuclease)  
i n t o  a l a r g e  c u l t u r e  tube ,  
2 .  Flush tube with f i l t e r e d  N P  gas .  
3 .  Add 25.0 ml of 6 N H C 1  i n  H20 t o  each tube.  
4, Flush each tube again with N2 gas.  
5 .  P lace  t e f l o n  l i n e d  cap on each tube and h e a t  a t  110 '  
t l ' C ,  o r  145' f 2'C i n  an o i l  ba th  f o r  t h e  s p e c i f i e d  
t i m e .  
6 .  
7 .  Accurately p i p e t  20 .0  ml of 0 . 1  N H C 1  i n t o  each of 
Dry t h e  samples a t  60'C under a p a r t i a l  vacuum w i t h  a 
r o t a r y  evaporator .  
t h e  samples t o  d i s s o l v e  t h e  amino a c i d  r e s idue .  
Mix each sample thoroughly e 
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8.  D r a w  a 5.0 m l  a l i q u o t  of  each sample and p lace  i n  a 
'9: 125 ml f la t -bot tom b o i l i n g  f l a s k  €or GLC ana lys i s ,  
or  analyze by c l a s s i c a l  ion-exchange. 
9 .  Dry t h e  samples a t  6 0 ' C  under a p a r t i a l  vacuum with 
a r o t a r y  evapora tor  . 
1 0 .  Add an appropr i a t e  a l i q u o t  (1.0 m l  of 1-S., 0.50 mg of b u t y l  
11. Add 1 .5  m l  BuOH.3 N in H C 1  per  1 .0  mg of t o t a l  amino 
stearate/l.O m l )  . 
acids, u l t r a s o n i c  mix f o r  15  seconds,  e s t e r i f y  a t  
lOO'C f o r  35 minutes,  then dry a t  60 'C under a 
p a r t i a l  vacuum, and a c y l a t e  a s  descr ibed  by Gehrke 
e t  a l .  ( 2 ) .  
_.- 
c .  Hydrolysis of Samples & 6 N H C 1  i n  n-Butanol. - - - - _ . -  
1. Accurately weigh lO.O\mg of dry p r o t e i n  ( r ibonuclease)  
i n t o  a l a r g e  c u l t u r e  tube. 
2 .  Flush tube with f i l t e r e d  N P  gas.  
3. Add 15.0 m l  of n-butanol06 N H C 1  (1 .5  m l  of BuOH.HC1 - 
per  1 . 0  mg of p r o t e i n ) .  
4. Flush r e a c t i o n  v e s s e l  again wi th  f i l t e r e d  N2 gas .  
5. Place t e f l o n  l i n e d  cap on each tube and h e a t  a t  1 1 0 '  
k l ° C ,  or  145 '  9 2'C i n  an o i l  ba th  f o r  t he  s p e c i € i e d  
t i m e .  
6 .  Add an appropr i a t e  q u a n t i t y  Of I.S*, 0.50 mg b u t y l  
stearate, d isso lved  i n  BuOH9HC1, 
Dry t h e  samples a t  60 'C under a p a r t i a l  vacuum with a 7. 
r o t a r y  evapora tor  a 
8. Acylate as descr ibed  by Gehrke e t  al. (2 )  e --
-12- 
RESULTS AND DISCUSSION -
According t o  the  d i rec t  e s t e r i f i c a t i o n  procedure r epor t ed  
by Roach and Gehrke ( 6 )  the  amino a c i d s  are e s t e r i f i e d  i n  n- -
bu tano l i c  H C 1  p r i o r  t o  t h e i r  a c y l a t i o n  w i t h  t r i f l u o r o a c e t i c  
anhydride.  The p r e s e n t  procedure f o r  t h e  GLC a n a l y s i s  of a 
p r o t e i n  sample r e q u i r e s  t h a t  t h e  p r o t e i n  sample be hydrolyzed 
i n  6 N HC1 i n  H20, d r i e d ,  and then e s t e r i f i e d  with n-butanol.3 - N 
HCL. I f  complete hydro lys i s  of t h e  p r o t e i n  w e r e  achieved i n  
n-butanol ic  - HC1, one of  t h e  s t e p s  i n  t h e  GLC a n a l y s i s  of a 
p r o t e i n  hydro lysa te  could be e l imina ted  s i n c e  the  n-butyl - 
esters of t he  amino a c i d s  would be formed during t h e  hydro lys i s  
of the  p r o t e i n .  Thus, s t u d i e s  w e r e  made t o  i n v e s t i g a t e  t h e  
y i e l d s  of hydro lys i s  of a model p r o t e i n ,  r ibonuclease,  i n  
6 N H C 1  i n  n-butanol.  - 
Samples of r ibonuclease  w e r e  hydrolyzed a t  ll0'C k l a c  
i n  n-butanol - 6 N i n  H C 1  f o r  varying lengths  of t i m e .  The 
experimental  r e s u l t s  f r o m  t h e  GLC a n a l y s i s  of t h i s  hydrolysate  
are presented i n  Table I. A sample of r ibonuclease  was a l s o  
hydrolyzed a t  110' k 1 ' C  i n  H 2 0  6 N i n  H C 1  for  varying lengths  
of t i m e .  The GLCdata are presented  i n  T a b l e  11, Much h igher  
y i e l d s  w e r e  ob ta ined  fo r  the  samples hydrolyzed i n  aqueous 
6 N HC1. Also, decomposition of all of t h e  amino ac ids  be- 
came a s e r i o u s  problem a t  hydro lys i s  t i m e s  longer  than 4 4  hours 
with n-butanol - 6 N i n  HC1. 
Since n-butanol 6 N i n  H C l  w a s  found t o  be unsui tab le  f o r  - 
t h e  hydro lys is  of p r o t e i n s ,  it was decided t o  i n v e s t i g a t e  the  
-13- 
e f f e c t  of temperature on t h e  hydro lys is  r e a c t i o n  i n  aqueous 
6 N HC1. Samples w e r e  hydrolyzed a t  110 '  L l ' C ,  145' k 2'C, 
and 175'  L 5'C f o r  1 t o  1 0  hours.  The optimum hydro lys i s  
temperature i n  t e r m s  of rate of hydro lys is  and a minimum 
of decomposition w a s  found t o  be a t  1 4 5 '  L 2'C f o r  4 hours .  T h e  
GLC d a t a  i n  Table I11 w e r e  ob ta ined  from t h e  a n a l y s i s  of 
samples of r ibonuclease  which had been hydrolyzed a t  145' 
k 2OC f o r  pe r iods  of t i m e  f r o m  2 t o  9 hours.  These d a t a  
i n d i c a t e  t h a t  approximately equ iva len t  hydrolyses  of a 
p r o t e i n  can be achieved i n  4 hours a t  145' k 2OC and i n  
2 4  hours a t  110 'C .  
Moore and S t e i n  (8)  r epor t ed  t h a t  the  b e s t  " a l l  around" 
hydro lys i s  can be achieved with 6 N H C 1  fo r  24 hours a t  l l O p C  
under condi t ions  r igo rous ly  excluding oxygen, non p r o t e i n  
substances,  and metals. These experimental  condi t ions  w e r e  
s e l e c t e d  t o  g ive  maximum t o t a l  recovery of t h e  amino a c i d s .  
C e r t a i n  of t he  amino a c i d s ,  howeverp. undergo s e r i o u s  de- 
composition and t h e  hydro lys i s  of o t h e r s  i s  incomplete.  
Maximum values  f o r  i s o l e u c i n e o  leucine,  v a l i n e ,  and 
phenylalanine can be obtained by drawing a tangent  t o  t h e  
maximum of a p l o t  of y i e l d  versus  hydro lys i s  t i m e  t o  
obta in  t h e  maximum values .  A l s o ,  an e x t r a p o l a t i o n  t o  
"zero-time" can be made t o  determine more accura t e  va lues  
f o r  those amino a c i d s  which undergo s e r i o u s  decomposition, 
i ,e threonine , s e r i n e p  and methionine 
P l o t s  of y i e l d  versus  hydro lys i s  t i m e  a t  110 '  2 1 ' C  
f o r  va l ine ,  i so l euc ine ,  phenylalanine,  th reonine ,  s e r ine ,  and 
-14- 
methionine from r ibonuclease a r e  shown i n  Figures  1 and 2 .  
S imi l a r  p l o t s  f o r  hydro lys is  of r ibonuclease a t  145 '  k 2'C 
a r e  included i n  F igures  3 and 4 .  Maximum values  f o r  th reonine ,  
s e r i n e ,  and methionine were obtained by ex t r apo la t ing  t o  
"zero-time" as shown; whereas, t h e  m a x i m u m  values  f o r  va l ine ,  
i so l euc ine  , and phenylalanine were obta ined  by drawing tangents  
t o  the maximum i n  t h e  curves.  Maximum values  f o r  t h e  p r o t e i n  
amino a c i d s  from r ibonuclease obta ined  i n  t h i s  way a r e  included 
i n  Table I V .  
curves with t h e  corresponding va lues  a t  145' 5 2'C i n d i c a t e s  
t h a t  hydro lys is  under both sets of condi t ions  gave e s s e n t i a l l y  
t h e  same r e s u l t s .  Also, both sets of d a t a  a r e  i n  e x c e l l e n t  
agreement with t h e  l i t e r a t u r e  va lues .  
The agreement of t he  maximum values  from the  l l 0 ' C  
Af t e r  developing t h e  set  of "hydrolysis  condi t ions  
( 1 4 5 '  It: 2OC) f o r  4 hours using r ibonuclease  as a model p r o t e i n ,  
s e v e r a l  o the r  p r o t e i n s  w e r e  then hydrolyzed under the  same 
condi t ions  and analyzed. T h e  data for  one of t h e  p r o t e i n s ,  bovine 
serum albumin, analyzed by c l a s s i c a l  ion-exchange a r e  given i n  
Table V. The good agreement of t h e  d a t a  f o r  hydro lys is  f o r  4 
hours a t  1 4 5 '  rt 2'C with 2 4  hours a t  ll0'C shows t h a t  the  hydro lys i s  
of these  p r o t e i n s  can be conducted equa l ly  w e l l  under these  two 
sets of condi t ions .  
Recovery d a t a  f o r  GLC a n a l y s i s  of mixtures of t h e  p r o t e i n  amino 
a c i d s  which had been heated f o r  varying t i m e s  a t  145' k 2'C 
a r e  included i n  Table VI. The recovery f o r  a l l  of t h e  amino ac ids  
except  a rg in ine  w a s  e x c e l l e n t  w i th  a hydro lys i s  t i m e  of 2 hours.  On 
hydro lys is  f o r  fou r  hours,  t h e  losses i n  some cases w e r e  s i g n i f i c a n t .  
Low recover ies  w e r e  ob ta ined  f o r  p r o l i n e ,  threonine,  s e r i n e ,  
methionine,  hydroxysroline,  and 
- 14a- 
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TABLE I V  
SELECTED AM NO ACIDS FROM THE 
AMINO A C I D  NALYSIS OF R BONU CLEA S E 
W/W%, AND HYDROLYSIS TEMPERATURE 
Amino Acid 1 10 C-24 h r s. 145OC-4 h TS. Literature Valuea 
7.49 
2.67 I soleuci ne 2.54 
Threonine 8.00' 8. ooc 8.90 
Met hion i ne  3. 54' 3. 83c 4.00 
b 
b 
Valine 7. 54b 7.55 
2.59 b 
Serine 10.70' 11.40 
Phenylalanine 3. 3Ob 3. 3 .5 b 
a ~ .  H. ~. Hirs, W, H. Stein, iol. Chem. I 
211, 941, (1954) * 
Values obtained by drawing a tangent to 
plot of yield of amino acid versus time 
obtain the maximum values. 
b 
%slues obtained by e x t r a ~ o ~ a t ~ o ~  o zero ime a plot of yield 
of amino acid versus t ime o ~ y d r o l y s ~ s ~  
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a rg in ine .  P l o t s  of y i e l d  versus  hydro lys is  t i m e  are requi red  
t o  ob ta in  accura te  r e s u l t s  f o r  t h e s e  amino ac ids .  
SUMMARY AND CONCLUSIONS -
The use of n-butanol - 6 N i n  H C 1  as a p r o t e i n  hydro lys is  
reagent  would obv ia t e  one of t h e  steps i n  t h e  repor ted  ( 2 )  
GLC a n a l y s i s  of p r o t e i n s  s i n c e  t h e  n-butyl - esters of t h e  
amino acids would be formed dur ing  the  hydro lys is .  Thus, 
these s t u d i e s  w e r e  i n i t i a t e d  t o  i n v e s t i g a t e  the  y i e l d s  on 
hydro lys is  of a model p r o t e i n ,  r ibonuclease ,  i n  6 N HC1 i n  
- n-butanol.  However, t h i s  reagent  w a s  found t o  be unsa t i s f ac to ry  
s ince  the rate of hydro lys is  w a s  much s lower i n  t h i s  medium than 
it w a s  i n  '6 N HC1 i n  w a t e r ,  and t h e  ra tes  of decomposition 
o f  the  amino acids w e r e  cons iderably  f a s t e r .  
S ince  - n-butanol 6 N i n  H C 1  w a s  found t o  be unsui tab le  f o r  
t he  hydro lys is  of p r o t e i n s ,  experiments w e r e  made t o  i n v e s t i g a t e  
t h e  e f f e c t  of temperature  on t h e  hydro lys is  r eac t ion  i n  
aqueous 6 N H C 1  wi th  a view t o  developing a r ap id  hydro lys is  
procedure.  The maximum y i e l d  f o r  a l l  of t h e  p r o t e i n  amino 
ac ids  w a s  ob ta ined  a t  1 4 5 '  k 2OC f o r  t h e  minimal t i m e  of 4 
hours .  E s s e n t i a l l y  equ iva len t  hydro lys i s  of r ibonuclease  
w a s  achieved a t  the  t w o  d i f f e r e n t  hydro lys is  condi t ions ,  i . e .  
110' k l 0 C  f o r  26  hours ,  or 145' k 2'C f o r  4 hours.  The y i e l d s  
obta ined  w e r e  i n  good agreement. 
P l o t s  of y i e l d  versus  hydro lys is  t i m e  must _L_ be made f o r  
- each amino acid t o  ob ta in  t h e  b e s t  poss ib l e  va lues  f o r  t he  
amino ac id  composition of  a p r o t e i n .  These p l o t s  are then  
-16- 
ex t r apo la t ed  t o  "ze ro - t ime"  f o r  those amino ac ids  which undergo 
decomposition; and tangents  a r e  drawn t o  t h e  maximum i n  t h e  
curves t o  ob ta in  t h e  
maximum va lues  f o r  those amino ac ids  which are d i f f i c u l t  t o  
hydrolyze.  Severa l  p r o t e i n  samples must be hydrolyzed a t  
d i f f e r e n t  t i m e s  t o  ob ta in  a l l  t h e  d a t a  necessary t o  c o n s t r u c t  
these  p l o t s .  Therefore ,  a r ap id  hydro lys i s  method i s  needed 
which g ives  maximum values  f o r  t h e  amino acids with a 
minimum of decomposition. Recovery s t u d i e s  a s  a func t ion  
of hydro lys is  t i m e  a t  145OC w e r e  made using s tandard  amino 
acid mixtures;  e s s e n t i a l l y  complete recovery w a s  obtained 
on hydrolyzing f o r  2 t o  4 hours.  Pro. ,  Thr. ,  Ser., M e t . ,  
and Arg. w e r e  t h e  most s e n s i t i v e  t o  h e a t .  This  r epor t ed  
procedure al lows one t o  r a p i d l y  hydrolyze s e v e r a l  samples 
of a p r o t e i n  a t  145' k 2OC and then t o  conveniently o b t a i n  
the  d a t a  by GLC f o r  p l o t t i n g  these curves.  The agreement 
among t h e  data fo r  t h e  t w o  d i f f e r e n t  hydro lys i s  temperatures 
and t i m e s  conc lus ive ly  demonstrates t h a t  such p l o t s  can be 
made. Of s p e c i a l  i n t e r e s t  i s  a comparison of t h e  d a t a  
obtained f o r  r ibonuclease and bovine serum albumin f o r  
t h e  4 hour hydro lys i s  a t  145' k 2OC with t h e  24 hour 
a t  110' +, l°C. 
obtained f o r  t he  145' 2 2OC hydro lys i s .  
hydro lys i s  
I n  almost every case a h igher  recovery was 
With t h i s  method a p r o t e i n  can be e s s e n t i a l l y  completely 
hydrolyzed i n  4 hours with a minimum of decomposition of the  
amino ac ids .  Rapid hydro lys is  of p r o t e i n s  coupled with 
q u a n t i t a t i v e  gas- l iqu id  chromatographic a n a l y s i s  of amino 
-17- 
a c i d s  provides  a powerful t o o l  i n  p r o t e i n  research ,  biochemical,  
and n u t r i t i o n a l  i n v e s t i g a t i o n s .  
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